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Highlights
•	 Both reindeer grazing and forestry affect the cover and biomass of reindeer lichens.
•	 Reindeer grazing has bigger impact than forestry.
•	 The	 lichen	cover	was	 about	five-fold	 and	 the	biomass	 about	fifteen-fold	 in	 the	ungrazed	
(fenced) sites than in the grazed ones.
•	 The decrease of not only the biomass, but also the cover of lichens, is alarming.
Abstract
Reindeer husbandry and forestry are practiced in the same areas in northern Fennoscandia. Rein-
deer pastures have largely deteriorated. We aimed to quantify the separate and combined effects 
of reindeer grazing and forestry on the amount of ground lichens. To do this, we mapped and 
inventoried all larger enclosures (49) in Finnish Lapland where forest management practices were 
similar in both sides of the fence. The average time since fencing was 43 years. We recorded the 
cover and estimated dry biomass of ground lichens, as well as parameters describing forest stand 
characteristics. The effect of reindeer grazing on both the cover and estimated dry biomass of 
lichens	was	clear:	in	the	ungrazed	(fenced)	sites,	the	lichen	cover	(35.8%)	was	on	average	5.3-
fold and the dry biomass (1929 kg ha–1)	14.8-fold	compared	with	the	corresponding	estimates	
in the grazed sites (6.8% and 130 kg ha–1). The effect of forestry on lichens was smaller. In the 
grazed stands the cover and biomass of lichens were higher in the mature stands compared to 
the	younger	stand	development	classes,	whereas	in	the	ungrazed	stands	there	were	no	significant	
differences between the development classes. Both reindeer grazing and forestry affect the cover 
and	biomass	of	ground	lichens.	The	influence	of	reindeer	grazing	is,	however,	much	heavier	than	
that of forestry. The decrease of not only the biomass, but also the lichen cover, is alarming. The 
decrease of lichen cover may hinder the recovery of reindeer pastures, which in the long run 
endangers the sustainability of reindeer husbandry.
Keywords reindeer herding; forest management; timber harvesting; pastures; lichen cover; lichen 
biomass
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1 Introduction 
Reindeer husbandry and forestry are socially and economically important livelihoods in northern 
Fennoscandia. They overlap geographically and share the natural resources provided by forests. The 
coexistence	of	these	two	livelihoods	has	not	always	been	free	from	arguing	and	conflict	(Kyllönen	
et al. 2006; Roturier and Roué 2009; Mustajoki et al. 2011). In fact, the roles of forestry and inten-
sive	reindeer	grazing	in	the	observed	decline	of	ground-lichen	pastures	have	been	argued	both	in	
Finland	and	in	Sweden	(Berg	et	al.	2008;	Roturier	2009;	Rytkönen	et	al.	2013).	At	the	same	time,	
it	has	become	clear	that	many	factors	affect	the	amount	of	terrestrial	lichens	(Kumpula	et	al.	2013)	
which	are	an	essential	part	of	the	winter	nutrition	of	semi-domesticated	reindeer	(Rangifer tarandus 
tarandus)	(e.g.	Kumpula	2001).	Lichens	contain	a	lot	of	easily	digestible	carbohydrates	(Russell	
and	Martell	1984)	and	promote	the	digestion	of	plant	fibre	in	the	rumen	(Aagnes	et	al.	1995).
On the one hand, increased sizes of reindeer herds and lack of pasture rotation cause intensive 
grazing and trampling of the pastures. This has probably led to reductions in the cover, height and 
biomass	of	slowly-growing	ground	lichens	which	are	the	most	important	winter	forage	for	reindeer	
(Väre	et	al.	1995;	Eskelinen	and	Oksanen	2006;	Kumpula	et	al.	2009).	On	the	other	hand,	timber	
harvesting	and	site	preparation	also	affect	the	occurrence	of	ground	vegetation	both	in	the	short-	
and	long-term	(Roturier	and	Bergsten	2006;	Kivinen	et	al.	2010).	The	success	of	lichens	depends	
also	on	micro-climatic	conditions,	such	as	light,	moisture	and	temperature	(Jonsson	Čabrajić	2009).	
Furthermore, global change or so called global greening has been proposed to cause increase in 
the area of moist sites and decrease in the dry ones which leads to continually lessening lichen 
pastures (Cornelissen et al. 2001; Mattila 2010).
The amount of winter forage, especially ground and arboreal lichens, is the minimum factor 
in	the	success	of	reindeer	husbandry.	To	evaluate	the	condition	of	lichen	pastures,	repeated	field	
inventories have been carried out in the Finnish reindeer management area since the early 1970s 
(e.g.	Kärenlampi	1973;	Kautto	et	al.	1986).	The	winter	ranges	have	been	surveyed	as	a	part	of	
the National Forest Inventory (NFI) several times since the late 1970s (Mattila 1981, 1988, 1996, 
2006a,	b,	2014).	According	to	these	inventory	results,	the	amount	of	ground	lichens	has	declined	
drastically since the 1970s although regional differences in the condition of pastures (denoting 
lichen cover and biomass) are great. Especially, the roles of reindeer grazing and forestry on the 
observed decline have	been	disputed	(e.g.	Rytkönen	et	al.	2013).	Both	of	these	livelihoods	have	
certainly	contributed	to	the	situation,	but	it	is	difficult	to	quantify	their	respective	impacts	(Väre	
et	al.	1995;	den	Herder	et	al	2003;	Helle	and	Kojola	2004).	
To date, the pasture inventories have mostly been carried out in areas where reindeer hus-
bandry and forestry are practiced together. Lack of enclosure studies has made it nearly impossible 
to separate the effects of reindeer grazing and forestry on the amount of ground lichens (Hallikainen 
et	al.	2008).	According	to	Väre	et	al.	(1995),	many	studies	of	reindeer	grazing	effects	are	speculative	
in nature because fenced enclosures have not been used. The few enclosure studies where forest 
management has been similar on both sides of the fences have indicated that grazing has a strong 
impact on the lichen biomass (e.g. Mattila 2004). 
The aim of this study was to quantify the separate effects of reindeer grazing and forestry 
and their interaction on the cover and biomass of ground lichens in the Finnish reindeer manage-
ment area. The study was carried out using fenced enclosures and statistical modelling. The stand 
development class and canopy cover (i.e. structure of the growing stock) as well as the cover of 
logging residue were used to represent the effects of forestry on lichens.
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2 Materials and methods
2.1 Data collection
We	mapped	the	Finnish	reindeer	management	area	to	find	fenced	enclosures	large	enough	and	where	
forest management had been similar in both sides of the fence. The study stands had to represent 
different stand development classes and canopy covers. This resulted in a unique experimental 
set-up	where	the	effects	of	forestry	and	reindeer	grazing	could	be	studied	in	parallel	in	a	broad	
geographical area (Fig. 1). 
The study stands were intersected by a fence. The individual stands were located that far 
from each other that they could be considered as independent observations. The average distance 
between the stands was 12 km. We found 49 study stands that met the criteria concerning the area 
and similarity of the stand halves on the both sides of the fence (Fig. 1). The average time since 
fencing was 43 years. These independent stands constituted the highest hierarchical level in the 
statistical models described below. 
Ten large circular sample plots (radius 12.45 m, area 487 m2) were positioned in a system-
atic grid within each study stand (Fig. 2). Five of the plots were located on the grazed side of the 
fence	and	another	five	on	the	ungrazed	one,	each	one	of	the	plots	at	least	20	m	from	the	fence	
and at least 25 m from each other. Providing that there was enough space in a stand in both sides 
of the fence, the distance between the plots was 30–50 m. The idea was to place the plots evenly 
and representatively. The distance between the plots was decided before measuring their location 
in the stands. 
Fig. 1. Location of the study stands in the reindeer herding area 
in northern Finland.
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The basal area of the trees (diameter at breast height, d1.3 > 7.4 cm) as well as the mean, 
median and maximum height, diameter, and age of the trees were determined separately for Scots 
pine (Pinus sylvestris L.), Norway spruce [Picea abies	(L.)	Karst.]	and	deciduous	trees	in	the	larger	
circular plots. Smaller trees (d1.3	≤	7.4	cm)	were	counted	by	tree	species	and	they	were	recorded	as	
seedlings in spite of their height. In addition, soil type (moraine, sorted) and the cover of logging 
residue were recorded. The measurements were based on the methods used in the National Forest 
Inventory in Finland (Valtakunnan metsien… 2009). The succession stage and forest management 
history	of	the	stands	was	defined	using	the	following	stand	development	classification:	1	=	stands	
in	regeneration	phase	(including	temporarily	treeless	regeneration	areas,	seed-tree	stands,	young	
and	advanced	seedling	stands);	2	=	young	thinning	stands;	3	=	advanced	thinning	stands;	4	=	mature	
stands (see details Ylitalo 2013, p. 59).
Five small circular plots (radius 1.78 m, area 10 m2) were located inside the large circular 
plots (Fig. 2). The number of seedlings (d1.3	≤	7.4	cm)	was	counted	in	the	small	circular	plots.	In	
addition, the height of the minimum, median and maximum seedlings (based on seedling heights) 
was measured by tree species. To estimate the grazing intensity the number of groups of reindeer 
pellets was counted. 
The lowest hierarchical level, the small square plots (0.5 m × 0.5 m, area 0.25 m2), one in 
each 10 m2 -circular	plot,	were	used	for	defining	the	cover	of	ground-	and	field-layer	vegetation.	
The cover of the lichens was measured using a scale from 0 to 100% (1% precision). The following 
species	were	identified	in	the	lichen	cover:	Cladonia (Cladina) stellaris (L.), C. rangiferina (L.), C. 
mitis (Sandst.), C. arbuscula (L.), C. uncialis (L.) and Stereocaulon paschale (Hoffm.). In addition 
to the lichen cover, the height of the living part of lichens was measured with the precision of 1 
mm.	The	dry	biomass	of	the	lichens	was	estimated	as	a	function	of	cover	and	moisture-corrected	
height of lichens using formula
Fig. 2. Experiment	 set-up	 showing	 five	 circular	
(487 m2) sample plots on both sides of the fence in 
systematic	 grid.	 In	 each	 sample	 plot	 there	 are	 five	
smaller (10 m2) circular plots, and within each of 
these a 0.5 × 0.5 m square plot.
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B	=	a	× C × H
in which 
B	=	estimated	dry	biomass	(kg	ha–1), 
a	=	coefficient	depending	on	lichen	species	
C	=	lichen	cover	(%),
H	=	height	of	the	living	part	of	lichens	(mm).
The	value	of	the	coefficient	a	is	1.3536	for	C. stellaris and Stereocaulon paschale and 0.6288 for 
the other lichens. The formula has been derived from the unpublished data of Helle (see Mattila 
and	Helle	1978,	p.	11;	Mattila	1981,	p.	23).	Height	was	calibrated	using	a	coefficient	depending	on	
the moisture conditions at the moment of measurement. The moisture of the lichens was estimated 
manually	using	a	three-step	ordinal	scale	for	the	correction	of	the	heights	of	the	lichens	(Kumpula	
et al. 2006, p. 16). 
The measurements in the smaller circular plots and in the square plots were averaged for the 
larger	circular	plots.	These	larger	circular	plots	were	treated	as	the	lower-level	observations	in	the	
statistical models. The number of the large sample plots in the modelling was 483 after removing 
seven outliers (see below for details). 
2.2 Statistical analysis
The	used	hierarchical	levels	in	the	multi-level	modelling	were	1)	study	stand	(hereafter	stand)	
and 2) larger circular sample plot (hereafter plot). The explanatory variables considered the most 
important in the lichen cover and biomass models were 1) the effect of grazing [ungrazed (fenced) 
vs.	grazed],	2)	the	stand	development	class	and	3)	the	interaction	of	these	two.	In	addition,	the	
significance	of	the	following	variables	(factors	and	covariates)	was	tested	in	the	models:	altitude	(m	
a.s.l.), average effective temperature sum (d.d.) in 1961–1990, soil type (moraine vs. sorted), time 
since fencing (years), grazing intensity (described by the number of reindeer pellet groups), cover 
of harvesting residue (%), canopy cover (scale 0–1) and site type based on the vegetation cover 
(Cajander 1913): barren heath sites (Cladina type, ClT), xeric sites (Myrtillus-Calluna-Cladina 
type, MCClT and Ericaceae-Cladina	type,	ErClT)	and	sub-xeric	sites	(Empetrum-Myrtillus type, 
EMT and Empetrum-Vaccinium type, EVT). 
Canopy cover was estimated using models developed for Scots pine and Norway spruce 
(Korhonen	 et	 al.	 2007).	The	 average	 temperature	 sum	 for	 the	 stands	 (threshold	 value	 of	 five	
degrees centigrade) for the period of 1961–1990 was estimated using a model by Ojansuu and 
Henttonen	(1983).	For	each	stand,	the	temperature	sum	represents	long-term,	average	tempera-
ture conditions. 
The lichen cover model was constructed using generalized linear model with study stand as a 
random factor. The measured lichen cover was expressed as a proportion (0–1) and modelled using 
binomial	distribution	and	logit-link	function	(e.g.	Miina	et	al.	2009).	Except	for	the	study	stand,	
other	variables	were	treated	as	fixed	effects	in	the	lichen	cover	model.	The	model	was	estimated	
using	R	function	glmmPQL	in	MASS-package	(Venables	and	Ripley	2002).
The biomass model was developed using a compound Poisson linear model with study 
stand as a random factor. This model belongs to the Tweedie family of distributions. It is a part 
of a family of exponential dispersion models with power variance functions for V(μ)	= μp for p ∉ 
(0,1), p denotes the exponent of the variance function and affects the distribution. Mathematical 
background	and	examples	have	been	described	by	Smyth	and	Jørgensen	(2002),	Dunn	(2004),	and	
Dunn	and	Smyth	(2005).	
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The	biomass	model	was	computed	using	the	R	package	cplm	(Zhang	2002).	Unlike	the	MASS	
package	(function	glmmPQL),	the	cplm	package	does	not	define	the	p-values	for	the	parameter	
estimates,	only	the	t-values.	However,	we	calculated	the	approximated	p-values	for	the	parameter	
estimates	based	on	the	t-distribution,	similarly	to	glmmPQL.	The	denominator	degrees	of	freedom	
were calculated using the method described by Pinheiro and Bates (2000, p. 91). The predictions 
and prediction plots of the models were made using the R package effects (Fox 2003). The pack-
age utilizes R’s lattice graphics package (Sarkar 2008) in the plotting of the model predictions. 
Furthermore, the R package lsmeans was used for the pairwise comparisons (Lenth 2013). 
2.3 Description of the data
The average cover and biomass of ground lichens calculated from the raw data (483 plots) were 
25.7% and 1460 kg ha–1, respectively. The studied forest stands were located at the average altitude 
of 215 m above sea level. The mean temperature sum was 733 d.d. (Table 1).
Table 1. Description	of	the	sample	plots.	The	column	N	denotes	the	number	and	proportion	(in	parenthesis,	%)	of	the	
sample plots where a variable has other values than 0. The values of the stand level variables have been calculated using 
the stand level data (same values for all the sample plots).
Variable/category N (%) Min Max Mean Sd Median
Sample plot level variables
Lichen cover, % 482 (100) 0.1 93.0 25.7 24.2 17.7
Estimated dry biomass of lichens, kg ha–1 482 (100) 0.0 9043.0 1459.5 1975.1 481.6
Cover of harvesting residue, % 330 (68) 2.5 30.0 5.4 5.4 2.5
Basal area of Scots pine, m2 ha–1 440 (91) 1.0 29.0 10.6 5.6 11.0
Basal area of Norway spruce, m2 ha–1 32 (7) 1.0 6.0 2.3 1.6 2.0
Basal area of deciduous trees, m2 ha–1 63 (13) 1.0 11.0 2.4 2.0 2.0
Basal area, total, m2 ha–1 447 (93) 1.0 29.0 10.9 5.5 11.0
Diameter1.3 of Scots pine, cm 440 (91) 8.1 51.5 20.5 7.2 19.8
Diameter1.3 of Norway spruce, cm 32 (7) 10.0 24.0 17.7 4.8 16.9
Diameter1.3 of deciduous trees, cm 63 (13) 7.8 38.1 17.7 6.5 16.4
Height of Scots pine, cm 400 (91) 4.4 21.1 12.5 3.1 12.7
Height of Norway spruce, m 32 (6.6) 6.5 17.1 10.3 2.3 10.4
Height of deciduous trees, m 63 (13) 4.9 16.2 9.6 2.8 9.0
Age	of	Scots	pine,	years 440 (91) 19.0 310.0 96.3 69.3 72.3
Age	of	Norway	spruce,	years 32 (7) 35.0 230.0 100.8 61.7 75.0
Number of Scots pine stems ha–1 440 (91) 5.0 2210.0 464.7 417.4 347.5
Number of Norway spruce stems ha–1 32 (7) 17.5 442.1 114.5 97.1 85.2
Number of deciduous stems ha–1 63 (13) 14.4 808.4 153.1 170.9 72.2
Total number of stems ha–1 447 (93) 5.1 2210.5 487.1 412.0 370.0
Number of Scots pine seedlings ha–1 431 (89) 40.0 9800.0 726.2 1045.9 400.0
Number of Norway spruce seedlings ha–1 76 (16) 40.0 1280.0 156.8 257.1 40.0
Number of deciduous seedlings ha–1 145 (30) 40.0 4280.0 387.6 518.6 200.0
Total number of seedlings ha–1 461 (95) 40.0 9840.0 826.7 1053.8 480.0
Predicted proportion of canopy cover (0–1) 483 (100) 0.1 0.98 0.5 0.2 0.6
Number of reindeer summer pellets ha–1 52 (11) 1.0 5.0 1.8 1.1 1.0
Number of reindeer winter pellets ha–1 200 (41) 1.0 38.0 8.1 0.6 5.0
Stand level variables
Altitude,	m.a.s.l 49 (100) 114.9 321.4 215.1 56.9 225.0
Average	temperature	sum	during	1961–1990,	d.d. 49 (100) 650.5 924.0 732.7 62.2 708.0
Time since fencing, years 49 (100) 10.0 90.0 42.9 3.4 40.0
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The distributions of the categorical variables that were used in the models were the following:
•	 soil type: moraine 58.6%, sorted 41.4% of the plots
•	 site	type:	barren	32.3%,	xeric	45.3%,	sub-xeric	22.4%
•	 stand development class: stand in a regeneration phase 25.5%, young thinning stand 
28.2% advanced thinning stand 19.0%, and mature stand 27.3%.
Seven (7) sample plots out of 500 were excluded in the modelling, because they deteriorated the 
model	fits	and	biased	the	predictions.	Including	these	sample	plots	in	the	models	caused	serious	
convergence problems in the biomass model. Excluding them did not affect the selection of the 
explanatory	variables.	All	the	seven	excluded	plots	were	in	the	ungrazed	(fenced)	side.	The	average	
lichen cover and biomass in the included ungrazed plots were 41% and 2698 kg ha–1, respectively. 
The respective averages in the excluded ungrazed plots were 80% and 12 167 kg ha–1. Six of these 
plots	were	classified	as	barren	heath	and	one	as	xeric	site.	Five	of	the	plots	represented	young	
thinning stands (stand development class 2) and two of them advanced thinning stands (class 3). 
3 Results
Lichen cover 
There	were	six	statistically	significant	explanatory	variables	in	the	lichen	cover	model:	grazing,	
development class, canopy cover, site type, soil type and cover of harvesting residue. In addition, 
the	model	included	two	interaction	terms	(Table	2).	Grazing	was	statistically	a	highly	significant	
explanatory variable even in the model where the interactions were included. When the other pre-
dictors in the model were set to their averages, the effect of reindeer grazing on the lichen cover 
was	clear	(Fig.	3a):	in	the	ungrazed	(fenced)	sites,	the	lichen	cover	(35.8%)	was	5.3-fold	compared	
with the grazed sites (6.8%). The lichen cover varied also between the stand development classes 
(Fig. 3a). In the grazed sites, lichen cover ranged from 4.1% in class 3 to 13.8% in class 4 (i.e. 
3.7-fold	difference).	In	the	ungrazed	sites,	the	corresponding	estimates	were	29.9%	in	stand	devel-
opment	class	3	and	41.1%	in	class	1,	the	coefficient	being	1.4.	In	other	words,	the	proportional	
effect of forestry on the lichen cover was larger, when the sites were grazed. In the ungrazed sites, 
the	lichen	cover	did	not	significantly	differ	between	the	development	classes	(Fig.	3a,	Table	3).
The	 cover	 of	 lichens	 decreased	 significantly	 with	 increasing	 canopy	 cover	 only	 in	 the	
development class 2. In addition, the results suggested a slight negative trend in the development 
class 1 and a slight positive trend in the class 4 with increasing canopy cover (Fig. 3b, Table 3).
Lichen	cover	differed	significantly	between	the	site	types	(Tables	2	and	3).	In	barren	heath	sites	
the	lichen	cover	was	the	highest	(26.9%)	and	in	sub-xeric	sites	it	was	the	lowest	(7.2%).	In	xeric	sites	
lichen cover was 16.9%. The cover of ground lichens was higher on sorted soils than on moraines. 
Cover predictions on sorted soils and on moraines were 21.8% and 13.5%, respectively (Table 2). 
The	cover	of	harvesting	residue	had	a	significant	effect	on	the	lichen	cover.	The	effect	of	
residue cover at its mean (3.7%) caused a decrease of 1.6% in the lichen cover. 
The	fit	of	the	model	was	fairly	good	when	the	distributions	of	the	model	predictions	were	
compared to the distribution of the response variable (Fig. 5). 
Lichen biomass
In	the	lichen	biomass	model	there	were	six	statistically	significant	explanatory	variables:	grazing,	
development class, canopy cover, site type, soil type, and temperature sum. In addition, there were 
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Table 2. The	parameter	estimates,	their	standard	errors,	 t-values	and	Wald	chi-square	tests	for	the	terms	in	the	
lichen	cover	model.	P-values	(p)	are	calculated	for	the	variables	in	the	model	based	on	Wald’s	chi-square	statistics.	
Reference category and the tests against the reference categories are printed in italics. Stand development clas-
sification,	see	Section	2.1	Data	collection.
Variable/effect Estimate Standard error t-/chi-value p
Fixed effects
Intercept –1.480 0.281 –5.27/28.76 0.000
Grazing (grazed, ungrazed) - - 271.34 0.000
– ungrazed 2.156 0.133 16.20 0.000
Stand development class (1,2,3,4) - - 2.20 0.533
– 2 0.020 0.384 –0.05 0.958
– 3 –0.755 0.614 –1.23 0.220
– 4 –0.460 0.455 –1.01 0.312
Canopy cover –1.015 0.512 –1.98/4.06 0.044
Site type (barren heath,	xeric,	sub-xeric) - - 114.99 0.000
– xeric –0.595 0.089 –6.66 0.000
–	sub-xeric –1.557 0.149 –10.49 0.000
Soil type (moraine, sorted) - - 8.51 0.004
– sorted 0.584 0.203 2.87 0.004
Cover of harvesting residue –0.030 0.010 –2.87/8.55 0.003
Grazing * Stand development class - - 36.26 0.000
– ungrazed and 2 0.221 0.221 1.00 0.318
– ungrazed and 3 0.136 0.251 0.54 0.590
– ungrazed and 4 –0.747 0.171 –4.38 0.000
Stand development class * Canopy cover - - 17.56 0.000
– 2 and canopy cover –1.096 0.698 –1.57 0.117
– 3 and canopy cover 0.230 1.025 0.22 0.884
– 4 and canopy cover 2.115 0.760 2.78 0.006
Random effects
Stand (intercept) 0.477
Residual 0.056
Table 3. Lichen cover model: pairwise tests and tests for the trends differing from 0 by the categories (inter-
actions).	Stand	development	classification,	see	Section	2.1	Data	collection.
Variable/categories p Variable/categories p
Site type Ungrazed, 1 vs. 2 0.450
Barren heath vs. Xeric 0.000 Ungrazed, 1 vs. 3 0.370
Barren	heath	vs.	Sub-xeric 0.000 Ungrazed, 1 vs. 4 1.000
Xeric	vs.	Sub-xeric 0.000 Ungrazed, 2 vs. 3 0.999
Ungrazed, 2 vs. 4 0.777
Grazing * Stand development class Ungrazed, 3 vs. 4 0.463
Grazed, 1 vs. 2 0.260
Grazed, 1 vs. 3 0.374 Stand development class * Canopy cover
Grazed, 1 vs. 4 0.119 1 * Canopy cover 0.044
Grazed, 2 vs. 3 1.000 2 * Canopy cover 0.000
Grazed, 2 vs. 4 0.000 3 * Canopy cover 0.371
Grazed, 3 vs. 4 0.000 4 * Canopy cover 0.048
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two	interaction	terms	(Table	4).	According	to	the	model,	the	effect	of	reindeer	grazing	on	the	esti-
mated dry biomass of lichens was clear: in the ungrazed (fenced) sites, the estimated dry biomass 
(1929 kg ha–1)	was	14.8-fold	compared	with	the	grazed	sites	(130	kg	ha–1). Like lichen cover, the 
estimated dry biomass of lichens varied between the stand development classes (Fig. 4a, Table 5). 
In the grazed sites, the estimated means of dry lichen biomass ranged from 88 kg ha–1 in class 3 to 
270 kg ha–1	in	class	4	(i.e.	3.1-fold	difference).	In	the	ungrazed	sites,	the	corresponding	estimates	
were 1761 kg ha–1 in stand development class 3 and 2174 kg ha–1	in	class	1,	the	coefficient	being	
1.2.	The	maximum	lichen	biomass	difference	between	the	stand	development	classes	reflects	the	
effect of forestry on the estimated dry lichen biomass.
The	biomass	of	lichens	decreased	significantly	with	increasing	canopy	cover	only	in	the	
development class 2. In the development class 4 the lichen biomass, on the contrary, slightly 
increased (Fig. 4b, Table 5).     
Estimated dry lichen biomass differed also between site types (Tables 4 and 5). In barren 
heath sites the lichen biomass was the highest (758 kg ha–1)	and	in	sub-xeric	sites	it	was	the	lowest	
(262 kg ha–1). In xeric sites the biomass was 496 kg ha–1. Biomass was higher on sorted soils 
Fig. 3. Effect of grazing and stand development class (a), and can-
opy cover and stand development class (b) on lichen cover. Values 
represent	predicted	mean	effects	and	95%	confidence	limits.
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Table 4. The	parameter	estimates,	their	standard	errors,	 t-values	and	Wald	chi-square	tests	for	the	terms	in	the	
lichen	biomass	model.	P-values	(p)	are	calculated	for	the	variables	in	the	model	based	on	Wald’s	chi-square	sta-
tistics. Reference category and the tests against the reference categories are printed in italics. Stand development 
classification,	see	Section	2.1	Data	collection.
Variable/effect Estimate Standard error t-/chi-value p
Fixed effects
Intercept 8.138 1.190 6.84/46.74 0.000
Grazing (grazed, ungrazed) - - 621.12 0.000
– ungrazed 2.988 0.120 24.92 0.000
Stand development class (1,2,3,4) - - 4.19 0.242
– 2 0.531 0.342 1.55 0.122
– 3 –0.401 0.499 –0.80 0.422
– 4 0.119 0.427 0.28 0.781
Canopy cover –0.473 0.489 –0.97/0.94 0.333
Temperature sum –0.004 0.002 –2.53 /6.37 0.012
Site type (barren heath,	xeric,	sub-xeric) - - 74.17 0.000
– xeric –0.423 0.084 –5.06 0.000
–	sub-xeric –1.060 0.123 –8.60 0.000
Soil type (moraine, sorted) - - 7.22 0.007
– sorted 0.524 0.195 2.69 0.007
Grazing * Stand development class - - 65.03 0.000
– ungrazed and 2 –0.053 0.169 –0.31 0.754
– ungrazed and 3 0.047 0.186 0.25 0.800
– ungrazed and 4 –1.004 0.155 –6.46 0.000
Stand development class * Canopy cover - - 15.37 0.002
– 2 and canopy cover –1.163 0.631 –1.84 0.066
– 3 and canopy cover  0.355 0.834 0.43 0.670
– 4 and canopy cover 1.544 0.712 2.17 0.031
Random effects
Stand (intercept) 0.45
Residual 1.84
Table 5. Lichen biomass model: pairwise tests and tests for the trends differing from 0 by the categories 
(interactions).	Stand	development	classification,	see	Section	2.1	Data	collection.
Variable/categories p Variable/categories p
Site type Ungrazed, 1 vs. 2 0.991
Barren heath vs. Xeric 0.000 Ungrazed, 1 vs. 3 0.994
Barren	heath	vs.	Sub-xeric 0.000 Ungrazed, 1 vs. 4 1.000
Xeric	vs.	Sub-xeric 0.000 Ungrazed, 2 vs. 3 1.000
Ungrazed, 2 vs. 4 1.000
Grazing * Stand development class Ungrazed, 3 vs. 4 0.999
Grazed, 1 vs. 2 1.000
Grazed, 1 vs. 3 0.988 Stand development class * Canopy cover
Grazed, 1 vs. 4 0.001 1 * Canopy cover 0.333
Grazed, 2 vs. 3 0.999 2 * Canopy cover 0.000
Grazed, 2 vs. 4 0.000 3 * Canopy cover 0.862
Grazed, 3 vs. 4 0.000 4 * Canopy cover 0.039
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than on moraines. The biomass predictions for sorted soils and moraines were 671 kg ha–1 and 
397 kg ha–1, respectively. In addition, the biomass was the higher the lower was the temperature 
(Table	4).	As	an	example,	according	to	the	model,	the	biomass	was	800	kg	ha–1 and 250 kg ha–1 if 
the temperature sum was 600 d.d. and 900 d.d., respectively. 
The	fit	of	the	model	was	fairly	good	when	the	distributions	of	the	model	predictions	were	
compared to the distribution of the response variable (Fig. 5).
Fig. 4. Effect of grazing and stand development class (a), and can-
opy cover and stand development class (b) on the estimated dry 
biomass of lichens. Values represent predicted mean effects and 
95%	confidence	limits.
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4 Discussion
The condition of reindeer pastures has to date been investigated mostly in areas where reindeer 
husbandry and forestry are practiced together. This approach has not enabled to separate properly 
the effects of forestry practices and reindeer grazing on the amount of ground lichens. Consequently, 
it has not been possible to show without dispute how the different livelihoods affect the amount 
of reindeer lichens. In this study, we were able to quantify both the effects of grazing and forestry 
at the same time using fenced enclosures. This approach made it possible to study separately the 
effects of reindeer grazing and forestry as well as their interaction on the amount of lichens. 
According	to	this	study,	reindeer	grazing	had	a	very	strong	negative	effect	on	the	amount	
of ground lichens. This was expected although it has not been previously possible to separate the 
effects of reindeer grazing from those of forestry on the observed loss of lichens (e.g. Mattila 
Fig. 5. Fit of the lichen cover and lichen biomass models. ‘Conditional’ denotes the estimates 
calculated	using	both	fixed	and	random	part	of	the	model	(random	intercept).	‘Unconditional’	
denotes	the	estimates	calculated	by	using	only	the	fixed	coefficients.
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2006a,	b,	2012).	The	effects	of	heavy	winter-	and	year-round	grazing,	as	well	as	those	of	inadequate	
grazing rotation, on the ground vegetation are well known and reduction of lichens in heaths and 
pine	forests	has	been	reported	in	several	studies	earlier	(e.g.	Väre	et	al.	1995;	Kumpula	et	al.	2000,	
2009; den Herder et al. 2003; Eskelinen and Virtanen 2006). 
In	the	present	study,	the	lichen	cover	in	ungrazed	(fenced)	sites	was	on	average	five-fold	com-
pared with the corresponding estimates in the grazed sites. This difference is larger than observed 
earlier	in	a	large-scale	enclosure	study	by	Mattila	(2004)	who	noticed that outside the reindeer 
management area, the	average	lichen	cover	was	about	two-fold	compared	with	the	corresponding	
estimate in similar sites inside the reindeer management area (Table 6).
In the present study, the estimated dry biomass of lichens in ungrazed (fenced) sites was 
approximately	fifteen-fold	compared	with	the	corresponding	estimates	 in	 the	grazed	sites.	The	
biomass estimates vary considerably between earlier studies both in ungrazed and grazed sites 
(Table 6). The differences between individual studies may be due to different experiment and study 
designs	and	spatial	scales.	As	far	as	we	know,	our	estimate	of	the	difference	between	the	lichen	
biomass in the ungrazed and grazed sites is the largest observed among different studies to date 
(Väre et al. 1996; Mattila 2004; Susiluoto et al. 2008; Olofsson	et	al.	2010;	Köster	et	al.	2013).	The	
second highest difference was observed by Väre et al. (1996) who reported that the lichen biomass 
in	the	ungrazed	sites	was	nine-fold	compared	with	the	estimate	in	the	grazed	sites.	
In this study we used the number of reindeer droppings and the time since fencing as 
explanatory	variables	 to	describe	 recent	 grazing	pressure	but	 found	no	 statistically	 significant	
effects.	Reasons	for	non-significant	effects	may	be	that	the	droppings	are	visible	only	3	to	5	years	
(Helle et al. 1990; Skarin 2008) and that the time since fencing was quite long (median 40 years).
It is known from several studies that forestry measures, such as harvesting and leaving 
harvesting residues on site and site preparation affect lichen cover and biomass (Helle et al. 
1990;	Suominen	and	Olofsson	2000;	Roturier	and	Bergsten	2006;	Berg	et	al.	2008;	Kivinen	et	al.	
2010).	Also	the	landscape	structure	(Kumpula	et	al.	2013)	and	the	structure	of	forest	stands	affect	
reindeer’s	pasture	preferences	and	ground	vegetation	(Helle	et	al.	1983;	Matila	and	Kubin	1998;	
Kumpula	et	al.	2007;	Boudreault	et	al.	2013).	In	the	present	study,	stand	development	class	and	
canopy cover (i.e. structure of growing stock) were used to represent the indirect effects of forestry 
on	lichens.	In	the	biomass	model,	the	main	effect	of	these	variables	had	no	statistically	significant	
influence	on	lichen	biomass.	In	the	lichen	cover	model,	however,	canopy	cover	was	a	significant	
predictor. In	both	of	the	models,	the	interaction	of	these	variables	was	significant	meaning	that	
the effects of forestry were different in grazed and ungrazed sites. In the grazed sites, the lichen 
cover and biomass were slightly higher in mature stands compared to younger ones, whereas in 
the ungrazed sites there were no differences between the development classes (see also Mattila 
2004;	Kumpula	et	al.	2013). 
Table 6. Estimated lichen covers and dry biomasses according to some recent studies.
Study Cover, % Biomass, dw kg ha–1
Grazed Ungrazed Grazed Ungrazed
This study 6.8 35.8 130 1929
Mattila 2004 3.8 7.1 64 425
Väre et al. 1996 860 7900
Susiluoto et al. 2008 500 3550
Olofsson et al. 2010 a) 253 642
Köster	et	al.	2013 900 3500
a) Heavily grazed 131 kg ha–1
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Stand development class and canopy cover had an interesting interaction. In the young thin-
ning stands both lichen cover and biomass decreased as a function of increasing canopy cover, 
whereas in the mature stands lichen cover and biomass increased slightly when canopy cover 
increased. This opposite effect of closing canopy in young vs. mature forests was unexpected. 
The effects of development class and canopy cover on lichen cover and biomass can be 
approached	 through	 climatic	 factors	 affecting	 the	mat-forming	 lichens.	According	 to	 Jonsson	
Čabrajić	(2009),	light	is	the	most	important	factor	affecting	the	height	growth	of	lichens,	reaching	
saturation at site openness of 40%, equivalent to a 15 m2 ha–1 basal area of the growing stock. 
Humidity	is	the	second	limiting	factor	(Jonsson	Čabrajić	et	al.	2010;	Kumpula	et	al.	2013).	Lichens	
are active at the temperatures above freezing point but their growth is negatively correlated with 
temperature when the optimal temperature for photosynthesis (to lichens about 10 °C) is exceeded 
(Matila	and	Kubin	1998;	Jonsson	Čabrajić	2009;	Kumpula	et	al.	2013).	According	to	Matila	and	
Kubin	(1998),	the	optimal	basal	area	of	a	pine	stand	related	to	the	collection	output	of	decorative	
lichen (Cladina stellaris) is 17–19 m2 ha–1 and optimal canopy cover 50%. Thus we assume that 
closing	mature	pine	stands	provide	optimal	micro-climatic	conditions	(light,	humidity,	tempera-
ture) for lichens compared to younger stands. In younger forests increasing canopy cover seems 
to	change	at	least	micro-climatic	factors	to	a	non-optimal	level.
The effect of site type on the lichen cover and biomass was expected: the poorer was the 
type,	the	higher	were	the	lichen	cover	and	biomass	(see	Mattila	1981;	Kumpula	et	al.	2013).	This	
may be due to the fact that barren and xeric sites, especially if the soil is highly water permeable, 
are too poor and too dry for many vascular plants, and lichens can successfully compete with them 
(Cornelissen et al. 2001). For the same reason the lichen cover and biomass were higher on sites 
that were on sorted soils compared to those on moraine soils. 
Regarding the condition of the reindeer pastures it is noteworthy that in addition to biomass, 
also	lichen	cover	was	multi-fold	in	the	ungrazed	sites	compared	to	the	cover	in	the	grazed	sites.	In	
other words, lichens are not only getting smaller but also disappearing, which will further delay 
the recovery of the pastures. This can be considered as eating the capital of the reindeer herding. 
This is an alarming trend as global change or global greening has already been noticed to increase 
the amount of moist sites and at the expense of dry ones (Cornelissen et al. 2001; Mattila 2006a, 
2010). This will further diminish the area that can be used for reindeer herding. 
In conclusion, our results show that both reindeer grazing and forestry affect the cover and 
the estimated dry biomass of reindeer lichens. Reindeer herding has, however, much larger impact 
than	forestry.	The	lichen	cover	was	about	five-fold	and	the	dry	biomass	about	fifteen-fold	in	the	
ungrazed (fenced) sites than in the grazed ones. The decrease of not only the dry biomass, but also 
the cover of lichens, is alarming.
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